Aim: To examine the efficacy of postural strategy training using a balance exercise assist robot (BEAR) as compared with conventional balance training for frail older adults.
Introduction
Frailty is an age-associated biological syndrome characterized by decreases in biological functional reserve and resistance to stressors as a result of changes in several physiological systems, placing the individual at special risk of poor outcomes (e.g. disability, loss of independence and hospitalization) from minor stressors. [1] [2] [3] [4] The prevalence of frailty in people aged older than 65 years is 7.2%, increases with age, and represents the main risk factor for incident falls, disability, hospitalization and death. 5 The diagnosis of frailty comprises several domains, including weight loss, weakness, exhaustion, slowness and low physical activity. 5 In addition, other diseases, such as malnutrition, immobility, anemia, obesity, cancer and cardiovascular disease, can accelerate the morbidity and mortality induced by frailty syndrome. 6 The effects of physical exercise in improving the functional capacity of frail older adults have been the focus of recent research. 7, 8 Exercise programs tailored to this population have been shown to be effective. Thesenterventions, such as resistance training, balance training, endurance training, coordination training and multicomponent exercises, have yielded beneficial effects on certain functional parameters in frail older adults. However, multicomponent exercise programs that include resistance training appear to result in greater overall enhancements, because this type of intervention stimulates several components of physical health, such as strength, cardiorespiratory fitness and balance. Although some systematic reviews have explored the benefits of exercise in frail older adults, effects of physical activities on frailty remain controversial. [9] [10] [11] These reviews have applied very broad definitions of frailty that have included both non-frail and prefrail participants.
Some studies have compared different types of exercise. The addition of whole-body vibration to strength and balance exercises failed to show an effect on the timed up-and-go test (TUG) and Berg Balance Scale (BBS). 12 Carrying out tai chi was found to significantly reduce the risk of falling compared with conventional physiotherapy, although the mean number of falls did not differ between both groups. 13 Balance training using visual computer feedback had no effect on the TUG test, BBS or 6-min walk test compared with conventional balance training. 14 Such studies have shown no consistent effect of interventions on performance measures.
In contrast, training with a balance exercise assist robot (BEAR) system is reportedly effective for improving posture strategies of patients with central nervous system disorders. 15 This system uses a personal transport assistance robot on which the rider stands, controlled by an inverted pendulum system with two in-wheel-type motors, to move the rider's center of gravity (COG). Task difficulty can be adjusted using information from the sensing device, including velocity and body gradient. Information from the robot is transmitted to a personal computer to control the robot and provide an appropriate postural task to the rider. To help the rider properly carry out postural strategy training, some games have been designed as exercises against perturbation and for moving the COG. As a result, dynamic balance and lower extremity muscle strength were improved in patients with central nervous system disorder. 15 We considered that this training might also prove effective for improving postural strategy and lower extremity muscle strength in the frail older adults. The aim of this research was to examine the effect of this training using the BEAR system on postural strategy, muscle strength and training enjoyment among frail older adults in comparison with conventional physical training.
Methods

Design
The study was designed as a cross-over trial without a washout term. The clinical research ethics committee in our institution approved the design of this study (No. 558).
Participants
From a volunteer sample of community-dwelling older adults who felt that they were becoming frail, 33 participants were recruited for this study. For inclusion criteria, we required volunteers to fulfill the diagnostic criteria for frailty or prefrailty. The Cardiovascular Health Study criteria described by Fried et al. were modified for the present study (Table 1) . 5 Patients with disturbance of consciousness or communication difficulty, those who had cardiovascular problems limiting the ability to carry out the exercise, or patients with impairments of upper extremity function that would inhibit them from holding the handle of the training instrument were excluded from the study.
Of the 33 prospective participants, one was excluded because the inclusion criteria were not satisfied, one decided to withdraw before randomization and two withdrew because they encountered difficulty in attending the center regularly. Written informed consent was obtained from the remaining 29 participants before participation in the present study.
The 29 participants were randomly divided into two groups: a robotic exercise first group (n = 15), and a conventional exercise first group (n = 14). Both groups had one participant drop out because of exacerbation of underlying chronic diseases. Finally, 27 participants (7 men, 20 women; mean age 73 ± 6 years; range 65-85 years; mean bodyweight 52.4 ± 8.2 kg; 10 frail, 17 pre-frail; mean BBS 17 50.3 ± 4.2) completed the study and were analyzed. A flow diagram of the progress through the phases of this study is shown in Figure 1 .
Instruments
The BEAR (Toyota Motor Corporation, Aichi, Japan) used in the current study in the robotic exercise phase had two wheels with in-wheel-type motors, controlled by an inverted pendulum system, as well as two footplates on either side that inclined separately, thereby maintaining a horizontal position when the rider banked the robot laterally (Fig. 2a) . The rider stood on the footplates and grasped the handle attached to the center pillar of the robot. The BEAR moved according to the position of the rider's COG. When the rider leaned forward, the wheel rotated in the same direction and the robot moved forward until the rider's body returned to a vertical position (Fig. 2b) . Conversely, if the rider leaned backward, the robot would move backward. When the rider wished to turn left or right, they either leaned their body or turned the handle of the device to the desired side. During this movement, each wheel rotated in the opposite direction.
To maintain safety during the exercise, we prepared a 2.4-m × 2.0-m space in the exercise room for the exclusive use of the participants. In addition, participants wore a helmet and a suspending device (Fig. 2c ).
Procedures
Participants were randomly allocated to the robotic exercise first group or conventional exercise first group using a randomization table generated by a blinded statistician. After enrollment, exercises were carried out 24 times during the total intervention period; twice a week for a total of 12 weeks (12 robotic exercises of 6 weeks, 12 conventional exercises of 6 weeks). When the first exercise phase was finished, participants started another exercise phase in the next week.
In the robotic exercise phase, participants carried out an exercise for moving the COG with the BEAR as a tennis game. The BEAR was able to transmit location information to a personal computer using a wireless local area network. In the tennis game, anterior and posterior movements of the BEAR were transformed to up and down movements of the player on the game monitor. Left and right side rotation movements of the BEAR were not reflected to the game. A player moved to the location of the flying ball, and returned the ball. The level of difficulty of the tennis game could be set by altering ball speed automatically. If a participant was able to return the ball beyond the decided rate and precision, the BEAR system increased the level of the game by increasing the speed of the ball. The actual game screen is shown in Figure 2d . One set of exercises consisted of a 2-min warm-up (operation) exercise with the BEAR and six 3-min rounds of exercise moving the COG.
In the conventional exercise phase, participants carried out one-on-one physiotherapy: muscle-strengthening exercises for older adults, such as squat exercise and isotonic exercise using a weight band, and standing posture exercise, such as exercise on a balance board, and movement exercises requiring fine motor control. The preceding study of BEAR gave us the result of improving dynamic balance and lower extremity muscle strength, so these contents were considered to be matched to the robotic exercise. One set of exercises consisted of a 2-min warmup exercise and six 3-min rounds of each conventional exercise (Table 2) .
Measurements
Preferred and maximal gait speeds, tandem gait speeds, TUG, 18 functional reach test (FRT), 18 functional base of support, 19 COP, muscle strength of the lower extremities, and grip strength were measured before starting the program and the day after the last session of each exercise. After the exercise, each participant rated whether the exercises had been enjoyable through a questionnaire.
Each test was carried out twice and the best result recorded.
During the measurement of preferred and maximal gait speeds, participants were instructed to walk 14 m twice at a self-selected comfortable walking speed, and twice at a self-selected maximal walking speed. The time and number of steps taken to reach 10 m along the walkway were measured.
During the evaluation of tandem gait, participants were instructed to walk as fast as possible using a tandem stance to a distance of 5 m. The time taken to complete the distance and gait distance was measured. If the participant lost balance and required help to avoid falling, velocity was calculated using the achieved gait distance and time.
The TUG measures the time required for a participants to stand up from an armchair, walk a distance of 3 m, turn, walk back to the chair and sit down again. 20 The TUG was initially developed as a basic mobility test for older people, and offers good accuracy for identifying frailty. 21 Participants carried out the FRT twice according to the method proposed by Duncan. 18 Briefly, this test required achieving the maximal distance that the participants can reach forward beyond arm's length while maintaining a fixed base of support in a standing position.
The functional base of support is one of the dynamic balance tests proposed by King, calculated as the ratio of the difference between the mean COP location on the force platform during sustained forward and backward leaning to foot length. 19 The functional base of support was measured twice using a gravicoder force platform (G-5500; Anima, Tokyo, Japan).
COP, as the index of postural stability, was measured twice using the gravicoder force platform under a 20-Hz sampling rate, 30-s duration, and with the participant's eyes open and legs together. Total path length, root mean square of area and sway area from the locus of the COP during measurement were assessed.
Strength of hip flexion, hip abduction, knee extension, knee flexion, ankle dorsiflexion and ankle plantar flexion were measured using a hand-held dynamometer (μ-tas F-1; Anima, Tokyo, Japan). Positioning of joints for each measurement followed the methods proposed by Bohannon. 22 Hip flexion was tested in the supine position, with the hip flexed at 90°and the knee relaxed. Hip abduction was tested in the supine position, with the knee extended and the hip in neutral abduction. Knee extension and flexion were tested while sitting, with the knee and hip flexed at 90°. Ankle dorsiflexion and plantar flexion were tested in the supine position, with the hip and knee extended. Grip power was measured using a grip dynamometer. Each strength test was carried out twice and the best result recorded.
The questionnaire regarding enjoyment of the exercise was based on a visual analog scale. Participants were asked to make a mark on a 10-cm line according to how they felt regarding training. The two questions were as follows: "Did you enjoy robotic exercise?" (0 cm = not enjoyed at all, 10 cm = enjoyed very much); and "Which do you like better?" (0 cm = conventional exercise, 10 cm = robotic exercise).
Statistical analysis
All data were compared using repeated-measures (2 × 2) analysis of variance (ANOVA) to compare principal effects in relation to the interaction between time (before and after) and group (robotic exercise and conventional exercise). All statistical analyses were computed using SPSS version 21.0.0.0 (IBM, New York, NY, USA), with a significance level of P < 0.05.
Results
Measurements before and after each exercise and change (Δ) are shown in Table 3 . With robotic exercise, significant improvements were observed for dynamic balance ability and muscle strength of the lower extremities compared with conventional exercise. Significant improvements were found in tandem gait speed (P = 0.012), FRT (P = 0.002) and TUG (P = 0.023). Significant increases were also seen in hip abduction (P = 0.001), ankle dorsiflexion (P = 0.006) and plantar flexion (P = 0.030). Conversely, no significant changes were observed in preferred gait speed (P = 0.117), maximal gait speed (P = 0.378), functional base of support (P = 0.065), total path length (P = 0.337), hip flexion (P = 0.065), knee extension (P = 0.196), knee flexion (P = 0.262) or grip power (P = 0.521). Pre-and post-score of measurements are shown in Figure 3 .
In response to the first question assessing enjoyment of the exercise, "Did you enjoy robotic exercise?", participants indicated a mean score of 9.1/10.0 cm on the visual analog scale, suggesting high enjoyment. As shown by the mean response to the second question, "Which do you Table 3 Measurements of before, after and changes (delta) each exercise like better?", participants also favored the BEAR over conventional exercise (8.3/10.0 cm).
Discussion
We carried out the present study to compare the efficacy of BEAR and conventional training for improving postural strategy and muscle strength among frail or prefrail older adults. After each 6-week training session, significant improvements were noted for tandem gait speed, FRT, TUG, and muscle strength around the hip and ankle joint using the BEAR exercise. In contrast, maximal and preferred gait speeds, COP, muscle strength around the knee joint, and grip power did not differ significantly between groups. In addition, participants rated BEAR training as more enjoyable than conventional balance exercises. In terms of balance ability, we anticipated that all indices would be improved after BEAR training. However, although dynamic balance ability including tandem gait speeds, FRT and TUG were improved after postural strategy training with the BEAR, static balance as represented by the locus of COP remained unimproved. Training specificity is a key element of motor learning. 23 There were no significant associations between different components of balance, such as static/dynamic steady-state balance and reactive balance, it appears that the different balance strategies are independent of each other and need to specifically be addressed during intervention programs. 24 In robotic exercise with the BEAR, participants moved the COG actively. We inferred that there was transferring of training between robotic COG movement and dynamic balance, such as tandem gait, FRT and TUG.
In the present study, the strength of muscles around the ankle and hip joints was improved after training with the BEAR. Hemami et al. suggested that ankle angle was subjected to the largest movement during translational platform perturbation, and that major postural corrections were initiated by the ankle. 25 Van Ooteghem et al. also reported that ankle strategy was the first to develop during translational platform perturbation exercise. 26 In contrast, Hwang et al. suggested that the ankle strategy was used during slow-speed perturbation, whereas a strategy ures show the typical result of dynamic balance (functional reach test, tandem gait speed), gait ability (maximal gait speed) and muscle strength of lower extremity (hip abduction, knee extension and ankle dorsiflexion). Black square represents mean for robotic exercise, white circle represents mean for conventional exercise. These values are expressed as the mean for all the participants. It must be noted that the baseline was different among the participants who first carried out the robotic exercise followed by conventional exercise, and who first carried out conventional exercise followed by robotic exercise. Significant differences are identified by ANOVA for the functional reach test, tandem gait speed, muscle strength of hip abduction and ankle dorsiflexion.
involving both ankles and hips was used during fast-speed perturbation. 27 Older adults have been reported to rely less on the ankle strategy for balance, and as a result require more use of the hip strategy. 28, 29 We assume that moving the COG with the BEAR was effective in improving both ankle and hip strategies, along with strength of the muscles around these joints in frail older adults.
Elements identified in the cycle of frailty are core clinical presentations of frailty, and that a critical mass of phenotypic components in the cycle would be identified as the syndrome. 30 The main causes of frailty have been thought to be sarcopenia and undernutrition. Instability during standing and walking, and the unfavorable consequence of falls seem to be the results of frailty. However, falls and instability also cause fear of fall-related injuries and decreased activity among frail older adults. As a result of reduced activity, muscle weakness and the more severe sarcopenia can develop. Balance exercises with the BEAR improved not only dynamic balance, but also muscle strength. These changes were attributed to improvement of activity levels, total energy expenditure and undernutrition.
A number of limitations to the present study warrant attention. First, we did not follow up effects on the rate of falls by participants. The BBS score of participants in the present study was not particularly poor (54.3 ± 4.2), so we considered it likely that a large amount of time would be required to determine fall rates. Second, the changing status of frailty in participants was not considered. Whether frail older adults would improve and prefrail older adults would be prevented from becoming frail by continuing the exercises in the present study represents a very interesting issue. We are starting to follow the status of the participants. In addition, the small sample size from a heterogeneous population makes it difficult to generalize our findings. To obtain more valid evidence of the effectiveness of this robotic exercise among frail and prefrail older adults, we are now planning to investigate a larger cohort than in the present study.
